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150a Sunday, February 16, 2014active canine mutant NCX (680-685). In these experiments NCX was activated
in the HEK293T cells by a rapid increase in the intracellular [Ca2þ] produced
by flash photolysis of a caged Ca2þ compound (PGTA) under single electrode
whole cell patch clamp conditions. Two components of INCX membrane current
were produced in cells expressing either WT NCX or mutant NCX. In addition,
the deactivation kinetics of the WTNCXwas investigated and compared to that
of mutant NCX. The decay time constant of the NCX tail currents, which
occurred following the return of membrane potential to the negative holding
potential, was compared for WT and mutant NCX. The deactivation kinetics
of the tail current in cells expressing the WT NCXwas found to be significantly
slower than that in cells expressing the mutant NCX. Mathematical modeling
was utilized to further understand the time-dependent allosteric regulation of
NCX. Combining both experimental and modeling approaches yielded a better
understanding of the Ca2þ-dependent activation process of NCX, the transport
kinetics of NCX, as well as the contribution of NCX to cellular Ca2þ dynamics.Ligand-gated Channels I
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Upon binding of the neurotransmitter glutamate, NMDA receptors generate
Ca2þ permeable currents that are important for neuronal development and syn-
aptic plasticity. A handful of pathogenic mutations in genes encoding NMDA
receptor subunits have been identified in human neurodevelopmental pheno-
types such as epilepsy, developmental delay, or intellectual disability. A de
novo missense mutation in GRIN2A was recently identified in a child with
intractable seizures and epileptic encephalopathy. We have examined the
gating properties of this L812M mutated receptor using single-channel record-
ings. We implemented an algorithm in Matlab for maximum likelihood estima-
tion of the rate constants in the gating mechanism. An exact correction for
missed events (Hawkes, Jalali, and Colquhoun 1990) was employed to calcu-
late the likelihood of the idealized state transition sequence. Fitting of idealized
single-channel data to a gating mechanism involving one independent transi-
tion for each subunit in the NMDA receptor tetramer followed by a final
concerted opening step revealed that the L812M mutation caused a significant
increase in the forward rate constants governing the gating transitions but had
no effect the reverse rates or on the channel opening or closing rates. That is,
the L812M mutation accelerated the gating transitions leading to opening of
the ion channel pore. Structural homology models of GluN2A show residue
Leu812 is located in the linker region between the agonist binding domain
and the M4 transmembrane helix, and suggest Leu812 is in close vicinity of
the M3 transmembrane helix and pre-M1 helix of GluN1. Therefore, these re-
sults suggest that interactions between the M4 helix and neighboring regions of
the receptor, including the M3 helix, comprise an important structural determi-
nant controlling opening of the channel.
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The cation-binding pocket is integral to the stability of the kainate receptor
dimer interface, allowing proper activation of the receptor. Interestingly, a dou-
ble cysteine mutation (Y521C/L783C GluK2) across the interface eliminates
the need for occupancy of this pocket. We therefore hypothesized that this mu-
tation greatly disturbs the electrostatic environment of the dimer interface and
functions solely because of disulfide bond formation. Molecular dynamics sim-
ulations of Y521C/L783C showed disrupted interactions across the dimer inter-
face mainly due to increased water accessibility. This occurred with or without
a disulfide bond in the double cysteine simulations, consistent with our hypoth-
esis. We next investigated the cysteine mutations in isolation and found that
single cysteine or serine mutations at Y521 yielded macroscopic currents
from outside-out patches that decayed much slower than wild-type but hadsimilar amplitudes (>1 nA). However, L783C alone yielded no discernible cur-
rent and responses from L783S were greatly reduced (&lt;10 pA currents).
Analysis of the likely interactions that occur at L783 show that it is part of a
hydrophobic pocket that prevents water access to the dimer interface. Simula-
tions further support this idea as they demonstrate that both cysteine and serine
substitution at the 783 position allow increased hydration of the interface. One
final prediction follows that in electrophysiological experiments if the disulfide
bond is cleaved then the exposed cysteines should disrupt their surrounding
environment thereby disturbing receptor function. Indeed, in oxidizing condi-
tions there was an 80% decrease in the current amplitude that was recovered
in reducing conditions. In conclusion, we propose that the excess water in
the dimer interface interrupts the normal interactions required for activation.
Altogether, these experiments are consistent with the hypothesis that the elec-
trostatic environment of the dimer interface is perturbed by the cysteine muta-
tions at these residues.
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Previous studies have identified transmembrane AMPA receptor regulatory
proteins (TARPs), the auxiliary AMPA receptor subunits, could modulate the
gating properties of AMPA receptor by slowing desensitization and deactiva-
tion of AMPA receptor. Here we compared the effects of four TARP isoform
on the recovery of AMPA receptor. Different isoform has different effect on
receptor response to repeat activation. The effect of g-3 and tandem on repeat
activation from short pulse is very similar, which suggest that g-3 dissociating
with AMPA receptor slow. Each isoform accelerated the recovery from desen-
sitization of GluR1 current, but the speeding was greatest for g-4 and g-8. The
results of the recovery of chimeras slower than the origin isoform indicate Ex1
domain is not the key fact determining the modulation of TARPs on AMPA re-
ceptor recovery. In conclusion these results extend our understanding how
TARPs modulation AMPA receptor.
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AMPA receptors (AMPARs) mediate most of the fast excitatory synaptic trans-
mission in the brain. Native AMPARs typically form heterotetrameric com-
plexes and associate with a variety of auxiliary subunits. Stargazin (gamma2)
is the prototype and most studied member of the transmembrane AMPA recep-
tor regulatory proteins family, and regulates several properties of AMPARs.
The functional properties of AMPA receptors expressed at synapses shape syn-
aptic currents and determine the short-term plasticity of the synaptic response.
Determining the factors that control the gating of AMPA receptors is therefore
crucial to understanding how neurons process and encode information.
Several models have been proposed to explain the mechanism of action of star-
gazin. However, none of these proposed mechanisms was able to describe all
the effects of gamma2 on AMPARs. In order to better understand how stargazin
modulates the gating of AMPARs we tested the effect of a family of mutant
GluA2 receptors with altered kinetic properties in outside-out patches using
fast perfusion.
Analysis of the kinetic profile of the mutant receptors in complex with stargazin
showed that the ability of stargazin to modulate these properties was dependent
on the stability of the desensitised state of the receptor. Mutants with a very sta-
ble desensitised state showed no effect on desensitisation and deactivation,
whereas receptors with a less stable desensitised state were more profoundly
affected by stargazin. The increase in the steady state current induced by star-
gazin was also inversely correlated to the stability of the desensitised state.
These inverse correlations suggest that the interaction between stargazin and
the GluA2 AMPA receptor is state dependent. A kinetic model in which star-
gazin preferentially modulates the active state of the receptor can describe
all the experimental data and previously unknown properties of the complex.
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The ionotropic glutamate (iGlu) receptors mediate fast excitatory synaptic
transmission in the central nervous system (CNS). The iGlu receptors are
Sunday, February 16, 2014 151acrucial for normal brain function and are involved in a range of neurological
and psychiatric diseases for which iGlu receptors are considered potential ther-
apeutic drug targets. Polyamine toxins are a group of small molecules isolated
from spiders and wasps and have been found to act as potent inhibitors of
mammalian iGlu receptors. Subfamily and subtype selective polyamine toxins
provide a valuable pharmacological tool to study the contribution of individual
iGlu receptors in both physiological and neuropathological conditions. Our aim
is to control iGlu receptor gating in a light-dependent fashion. In order to
achieve this, we apply an optochemical genetics approach. This enables us to
control innately ‘‘blind’’ neurons with light, through incorporation of photosen-
sitivity to their endogenous receptors. Addition of such secondary orthogonal
control input enables novel studies of receptor function, as it provides receptor
control with high temporal and spatial precision, while preserving the native
signal response of the receptor. Based on a selective polyamine toxin natural
product scaffold, we have developed a photoswitchable ligand capable of selec-
tively controlling the activity of the iGlu receptor subtypes of Ca2þ-permeable
AMPA receptors using light as the input signal.
766-Pos Board B521
Calcium Flux Through AvGluR1: A Glutamate Receptor with a Potassium
Channel Selectivity Sequence
Mark Mayer, Suvendu Lomash.
NIH, Bethesda, MD, USA.
A glutamate receptor found in the freshwater bdelloid rotifer Adineta vaga was
proposed to be an evolutionary link between prokaryotic and eukaryotic iGluR
receptor classes (Janovjak et al., 2011). Like GluR0 and some related bacterial
iGluRs, the pore loop of AvGluR1 has a Kþ channel selectivity filter sequence,
TXVGYG. However, electrophysiological experiments revealed permeability
to both Naþ and Kþ but with no permeability to calcium (Janovjak et al.,
2011). Surprisingly, during the course of experiments in Xenopus oocytes de-
signed to evaluate the ligand binding and gating properties of AvGluR1
(Lomash et al., 2013), we found that following attenuation of desensitization
by the lectin concanavalin A, or by AvGluR1 Cys mutants that cross link ligand
binding domain dimer assemblies, inward current responses to glutamate had a
large biphasic transient component that varied from cell to cell. Several lines of
evidence suggest that this is due to calcium influx through AvGluR1, and sub-
sequent activation of a Ca dependent chloride current. (i) When the membrane
potential was depolarized, the biphasic response to glutamate reverted to a non
desensitizing ‘square’ outward current response. (ii) Substitution of barium for
extracellular calcium blocked the transient component of the AvGluR1 inward
current response recorded at negative membrane potentials. (iii) Current
voltage plots revealed a large depolarizing shift in the reversal potential for Av-
GluR1 responses to glutamate, when extracellular calcium was replaced by
magnesium. Thus, despite the presence of the TXVGYG signature sequence,
AvGluR1 is a non selective cation channel with permeability to both monova-
lent and divalent cations.
Janovjak H, Sandoz G, Isacoff EY (2011) Nature Comm 2: 232.
Lomash S, Chittori S, Brown P, Mayer ML (2013) Structure 21: 414-425
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Ionotropic glutamate receptors (iGluRs) mediate the majority of excitatory
neurotransmission in the vertebrate central nervous system. These ligand-
gated ion channels can be broadly classified into three subtypes: AMPA, kai-
nate and NMDA, which assemble as subtype-selective tetrameric receptors.
Kainate-subtype iGluRs (KAR) are composed of five different subunits
(GluK1-GluK5), of which the ‘‘low-affinity’’ GluK1-3 subunits can form
functional homomeric receptors, while the ‘‘high-affinity’’ GluK4 and
GluK5 form functional channels only when coexpressed with GluK1-3 sub-
units. Heteromer formation is known to be primarily mediated by the extracel-
lular amino-terminal domains (ATD), which as isolated domains
preferentially assemble into heterodimers. We have earlier shown that the as-
sembly of GluK2/GluK5 heteromeric receptors is facilitated by the higher af-
finity of ATD heterodimer formation than the respective homdimers. In the
present work we are extending these studies to include GluK1, GluK3 and
GluK4 to completely elucidate the relative affinities of homo- and hetero-
meric assemblies of KAR subtypes by analytical ultracentrifugation (AUC)
studies. Our initial AUC experiments revealed significant differences in disso-ciation constants for GluK1 and GluK5 homo- and heterocomplexes, which
are consistent with the preferential formation of GluK5 heterodimers with
GluK1. To get further insights into the plausible molecular determinants
responsible for differences in oligomerzation affinities, we intend to deter-
mine three-dimensional crystal structures of homo- and heterodimer com-
plexes of various KAR ATD subunits, of which crystals for GluK1 have
been obtained recently. These studies are anticipated to provide molecular in-
sights into the assembly mechanism of kainate receptors with the future goal
of understanding the functional importance of heteromer formation in gluta-
mate receptor ion channels.
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Sedimentation velocity analytical ultracentrifugation (SV) is a powerful first-
principle technique for the study of protein interactions and the rigorous char-
acterization of binding stoichiometry and affinities in free solution. With a
recently introduced commercial fluorescence optical detection system (FDS)
it has gained the potential for applications to be extended to high-affinity inter-
actions. However, for most proteins the attachment of an extrinsic fluorophore
is an essential prerequisite for the study by FDS-SV. Fluorescent labeling
induced artifacts present one key difficulty in the study of the homo-
oligomerization of proteins by FDS-SV. Using the high-affinity homo-dimer-
ization of the glutamate receptor GluA2 amino terminal domain as a model
system, we demonstrate how the choice of fluorescent label can impact both
the observed binding constants as well as the derived estimates of the hydrody-
namic parameters of protein species. Specifically, FAM (5,6-carboxyfluores-
cein) was found to create different populations of artificially high-affinity
and low-affinity dimers, as indicated by both FDS-SV and the kinetics of
Fo¨rster Resonance Energy Transfer observed in bench-top spectro-fluorometry.
By contrast, Dylight488 labeled protein as well as protein expressed as an
EGFP fusion, yielded results consistent with estimates from unlabeled protein.
Our study suggests considerations for the choice of labeling strategies, and
highlights experimental designs that exploit specific opportunities of FDS-SV
for improving the reliability of the binding isotherm analysis of interacting
systems.
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AMPA receptors (AMPARs) are glutamate-gated cation channels that mediate
the majority of fast excitatory neurotransmission in the central nervous system.
AMPARs are formed by homo- or heterotetramers of GluA1 to GluA4 sub-
units. A recent X-ray crystal structure of a full-length homomeric GluA2 AM-
PAR has allowed unique insight into AMPARmolecular structure and provides
an improved framework for beginning to understand the structural mechanism
underlying receptor function, regulation and pharmacological modulation.
In the present study, we have explored dual insertion of cyan and yellow
variants (CFP and YFP, respectively) of green fluorescent protein at various
positions in the GluA2 AMPAR subunit to enable measurements of intra-
receptor conformational changes using Fo¨rster Resonance Energy Transfer
(FRET) in live cells. We identify dual CFP/YFP-tagged GluA2 subunit con-
structs that retain function and display intrareceptor FRET. This includes a
construct (GluA2-6Y-10C) containing YFP in the intracellular loop between
the M1 and M2 membrane-embedded segments and CFP inserted in the C-ter-
minal domain (CTD). GluA2-6Y-10C displays FRET with an efficiency of
0.11 while retaining wild-type receptor expression and kinetic properties.
We have used GluA2-6Y-10C to study conformational changes in homomeric
GluA2 receptors during receptor activation. Our results show that the FRET
efficiency is dependent on functional state of GluA2-6Y-10C and hereby indi-
cates that the intracellular CTD undergoes conformational changes during re-
ceptor signaling.
